A bone-conserving prosthetic solution, such as hip resurfacing arthroplasty, is desirable for patients with osteonecrosis (ON) of the femoral head because of their young age. However, many surgeons are reluctant to perform hip resurfacing for ON because of large femoral head defects. To ascertain whether this reluctance is warranted, we determined the mid-to long-term effects of ON on the survivorship, radiographic implant fixation, and diseasespecific and quality-of-life scores of hip resurfacing. We compared the results of metal-on-metal resurfacing performed for ON of the hip (including large lesions) with those of resurfacing performed for other causes. The ON group had 70 patients (85 hips) and the control group 768 patients (915 hips) including all other etiologies operated on during the same period. The ON group was younger and had a greater incidence of femoral defects, a smaller component size, and a lower body mass index, three variables previously shown to reduce survivorship in hip resurfacing. We observed no difference in survivorship between the ON group and the control group even after adjusting for head size, body mass index, and defect size. Pain relief, walking, and function scores were comparable postoperatively. The activity level was lower in the ON group. Our data suggest ON is not a contraindication for resurfacing even with large femoral head defects.
Introduction
The treatment of patients with osteonecrosis (ON) of the hip remains controversial when the natural joint cannot be salvaged. Conventional THA, hemiresurfacing, and now full metal-on-metal hip resurfacing are the current prosthetic options. THA has so far been the treatment of choice for most patients, especially when the progression of the disease has reached Ficat Stage IV. Several reports suggest the clinical scores, radiographic outcome, and survivorship of patients with ON are comparable with those of other etiologies [16, 21, 27] , whereas others indicate conventional THA does not perform as well in patients with ON, in particular those younger than 50 years of age [12, 14, 24, 25, 28] . Hemiresurfacing has been previously reported for Ficat Stage II or III as a ''time-buying operation'' with variable results [1, 11, 15, 18] . Recently, full hip resurfacing has become an alternative to both THA and hemiresurfacing in young patients. Two recent reports suggested good shortto midterm functional scores and survivorship can be achieved with hip resurfacing [23, 26] , although one report questioned whether the survivorship was comparable to that of patients with osteoarthritis [22] . Also, the indications for hip resurfacing in these three reports were limited to hips with a lesion smaller than one-third of the femoral head.
Is ON a contraindication for metal-on-metal hip resurfacing? Given the apparent discrepancies in the literature, we compared the (1) survivorship; (2) activity and SF-12 scores; (3) component abduction angles; (4) radiolucencies; and (5) complications in patients with metal-on-metal hybrid resurfacing performed for ON and for other etiologies.
Patients and Methods
We retrospectively reviewed all 838 patients (1000 hips) treated with a Conserve1 Plus metal-on-metal resurfacing device (Wright Medical Technology Inc, Arlington, TN) between 1996 and 2006. Seventy patients (85 hips) underwent resurfacing for arthritis secondary to ON of the femoral head, whereas 768 (915 hips) had the procedure for all other indications. We selected patients with ON Ficat Stage III or greater and older than age 35 years unless cartilage damage was Grade III or greater [11] ; we included patients with large lesions as long as the cylindrically reamed bone was intact ( Fig. 1 ). The decision for resurfacing was never changed during surgery to perform a THA, although the defect was often larger than anticipated based on radiographic analysis. During this same time period, we performed 30 hemiresurfacing procedures for 24 patients with ON whose acetabular cartilage was sufficiently preserved and 16 primary THAs in 15 patients with ON who did not receive a resurfacing device for one of the following reasons: (1) femoral neck nonunion after pinning; (2) insurance denial; (3) Twenty-eight hips (32.9%) had undergone at least one previous surgery; 17 had core decompression, three had hemiresurfacing, five had been pinned, two had previous free vascularized fibula graft, and one had a Judet graft. The control group was composed of the remaining 768 patients (915 hips) with the following etiologies for surgery: osteoarthritis (n = 696), developmental dysplasia of the hip (n = 103), posttraumatic arthritis (n = 40), childhood disorders (n = 42), inflammatory (n = 29), and others (n = 5). The minimum followup time for the ON group was 2.2 years (mean, 7.6 years; range, 2.2-12.0 years) and 2.2 years (mean, 6.4 years; range, 2.2-12.0 years) for the control group. Eight patients (two bilateral) died during the followup period of causes not related to the procedure (one in the ON group, seven in the control group). Four patients were lost to followup, one in the ON group and three in the control group. The patients with ON were younger, had a smaller mean component size, and had more often femoral head defects greater than 1 cm compared with the patients of any other etiologies ( Table 1 ). In the ON group, six hips (7.1%) presented no femoral head defects, seven (8.2%) had defects 0 to 1 cm in size, 37 (43.5%) had defects 1 to 2 cm in size, and 35 (41.2%) had defects 2 to 3 cm in size.
The fundamentals of the operative technique used for this series have been described in previous publications [2, 4, 10] . Removal of all of the dead, yellowish, friable necrotic bone down to the normal or dense white reactive bone was achieved by alternating burring, irrigation, and drying and, in many cases, led to substantial loss of the head. Improvements in the surgical technique were made over time, which have been previously described [5, 8] . However, by the time Hip 37 was implanted in the ON group and Hip 265 in the control group, the most important modifications had been made (ie, use of dome In this case, the length of the neck could not be maintained because the femoral defects were too large to preserve a part of the chamfered area. (B) Eight years after resurfacing, the components are securely fixed and the patient's UCLA hip scores are 10, 10, 10, and 7 for pain, walking, function, and activity, respectively. suction and additional drill holes in the chamfered section). The essence of our current technique includes meticulous removal of all cystic debris with a high-speed burr, multiple small (1/8th-inch) drill holes in the dome, and chamfered areas to maximize surface area for acrylic cementation, cleansing with pulsatile lavage, and thorough drying, now with the aid of a Carbo-Jet1 (Kinamed Inc, Camarillo, CA). Because some portion of the head is typically viable up to the chamfered area, the head length is generally preserved. In our opinion, for the osteonecrotic group, the most important change was the pressurization of doughy cement into the defects located in the cylindrical portion of the head before insertion of the component. Fixation was accomplished with a 1-mm cement mantle. The regular viscosity acrylic cement coated the inside of the component and the component was pressed on manually or inserted with light mallet taps, whereas the excess of cement was completely extruded until the component was completely seated. We used bone grafting in eight of the 70 hips (11%) with ON, distal to the head, to fill defects from previous fixation devices or fibular grafts. Defects in the head were grafted in one case. In the ON group, four patients had contralateral hemiresurfacing, 16 had bilateral full metalon-metal resurfacing (one of them with a device from another manufacturer), three had contralateral conventional THA, and seven had undergone contralateral core decompression. We implanted a higher percent (p = 0.073) of cemented femoral metaphyseal stems in hips with ON than with other indications (44 of 85 hips [52%] versus 356 of 915 [39%]). We currently cement the stem in hips with a femoral head size 46 mm or lower and hips with femoral head defects greater than 1 cm [6] , conditions that include nearly all of the ON cases that were routinely cemented since March 2000.
We used the UCLA hip scoring system [9] to evaluate disease-specific patient progress and the SF-12 [29] as an assessment of quality of life. The postoperative Harris hip score was also calculated [19] . Range-of-motion measurements were recorded at each followup visit.
Pre-and postoperative radiographs were available for all patients except one lost to followup. Two of us (MJL, HCA) determined the size of the necrotic lesion from the preoperative anteroposterior radiograph as described by Revell et al. [26] . The size of the lesion was measured on the anteroposterior radiograph as the angle defined from the center of the femoral head to the outer limits of the necrotic lesion. The mean head involvement angle was 121.1°(range, 75°-202°). In this assessment, we did not include any measurements for the three hips that had undergone prior hemiresurfacing. Postoperatively, one of us (MJL) measured the metaphyseal stem-femoral shaft angle and the lateral opening of the socket. Femoral and acetabular radiolucencies were recorded as previously described [3] . We (HCA) used the Brooker et al. [13] grading system to assess heterotopic ossification.
We compared the preoperative and postoperative scores of the two groups using the Mann-Whitney U tests. Timedependent analyses were made using standard Kaplan-Meier survivorship techniques using the time to revision for any reason and the time to revision for femoral failure only. The Cox proportional hazard model was used to determine the effect of a diagnosis of ON on the risk of revision, adjusting for femoral head size, patient body mass index, and the presence of femoral head defects greater than 1 cm because these variables differed between the two groups ( Table 1) and are known to affect prosthetic survival in hip resurfacing [5, 20] . All time-dependent analyses were made using Stata (Stata Corporation, College Station, TX). 
Results
We revised four hips, including three conversions to THA in the ON group. Two were performed for loosening of the femoral component, one at 23 months related to an incomplete seating of the component [7] and the other 61 months after surgery (Fig. 2) . In none of these two femoral components had the metaphyseal stem been cemented. Both hips were converted to a THA, leaving the acetabular component in situ. Both of these patients were operated on early in our series (ON Patients 1 and 7). Loosening of the acetabular component caused the third conversion. This patient had some intermittent activity-related symptoms approximately 2 years after surgery. The component was loose when the hip was revised at another institution 56 months after surgery. In addition, extensive bone grafting and revision of the acetabular component were needed after overreaming of the first hip in a patient undergoing a one-stage bilateral procedure. The component had protruded through the acetabular wall. The revision took place 3 days after surgery. There were 35 revisions in the control group. We observed no difference (p = 0.6214) in survivorship between the two groups ( Table 2 ; Fig. 3 ). Using femoral failure only as end point, the Kaplan-Meier survivorship at 5 years was 98.7% (95% confidence interval [CI], 90.9-99.8) and 96.8% at 8 years (95% CI, 87.4-99.2). We found no difference (p = 0.446) between the ON and control groups after adjusting for femoral head size, femoral defect size, and body mass index (Table 3) . Preoperatively, the patients from the ON group had lower walking, function, and activity scores than the patients from the control group as well as lower preoperative mental scores of the SF-12 survey (Table 4) . At last followup, the mean activity score and mental component of the SF-12 were lower in the ON group compared with the rest of the cohort (7.0 versus 7.5, p = 0.0084 for the former and 49.0 versus 53.7, p = 0.0000 for the latter). In the ON group, two patients had low walking and function scores postoperatively. One was Charnley Class C and the other had lower back pain. The preoperative range of motion of the patients with ON was larger than that of the rest of the cohort in flexion and rotation. Postoperatively, the hip range-of-motion measurements were comparable between the two groups (Table 5) .
Postoperatively, the mean acetabular component abduction angle was greater (p = 0.0247) in the ON group than the control group (42.3°; range, 24°-60°versus 44.0°; range, 20°-70°, respectively). The mean stem shaft angle was similar (p = 0.2136) in the two groups (137.4°; range, 110°-158°versus 138.5°; range, 111°-163°, respectively).
The percent of metaphyseal stem radiolucencies of Level 7 or greater (visible on all three zones) was similar (p = 0.0595) in the two groups (three hips in the ON group and in 10 in the control group). However, none of these three radiolucencies are associated with clinical symptoms and all appear ''stable'' at an average of 7.2 years (range, 6.9-7.4 years) after these were first identified. One patient from the ON group formed Brooker et al. Grade III heterotopic ossification. The prevalence of heterotopic ossification Brooker et al. Grade III or IV was similar (p = 0.2313) in the two groups [13] . There were no postoperative neck fractures, dislocations, nerve palsies, or thromboembolic episodes in the ON group. The control group counted nine fractures of the femoral neck (1.0%), 11 dislocations (1.2%), 17 nerve palsies (1.9%), and five thromboembolic adverse events (0.6%).
Discussion
Hip resurfacing is becoming a popular prosthetic solution for young patients, but previous reports at short-to midterm followup disagree on the appropriateness of performing hip resurfacing for patients with ON [22, 23, 26] . There is a need for mid-to long-term clinical data to determine whether ON is a contraindication for hip resurfacing. Given the apparent discrepancies in the literature, we compared the (1) survivorship; (2) activity and SF-12 scores; (3) component abduction angles; (4) radiolucencies; and (5) complications in patients with metal-on-metal hybrid resurfacing performed for ON and for other etiologies.
A limitation of this study is that the study group included hips with posttraumatic ON, which could be considered a different etiology. However, patients with posttraumatic ON present common challenges to those of other ON etiologies to the surgeon performing hip resurfacing, in particular the presence of large femoral head defects. The main difference consisted of the presence of femoral neck defects because of the need to remove internal fixation and the use of bone graft below the head in the posttraumatic group. We otherwise observed no major differences pre-or postoperatively between these hips and those that developed ON for other reasons.
We found the survivorship of metal-on-metal hip resurfacing in patients with ON as good as the survivorship of patients having resurfacing for other causes. This observation is in contrast with the findings of one study reporting a different type of resurfacing device for the treatment of patients with hip ON [22] . In that series, the authors reported a 6.7% failure rate at 4.5 years of average followup and were concerned that failures were the result of advancing necrosis but did not provide supporting data. In addition, the hips included in the present study were not screened based on the size of the osteonecrotic femoral head lesion and our results show proper surgical technique allows the successful resurfacing of femoral heads with large necrotic involvement. We believe our observations relate to proper bone preparation and cementing techniques rather than implant design [22] as the keys to successful hip resurfacing in patients with ON. Our findings complement other shorter-term favorable reports of metal-on-metal resurfacing used for the treatment of hip ON [23, 26] and also compare favorably to those in one report of THA for ON at similar outcome times [24] . We previously reported improvements in our overall survivorship for all etiologies associated with improvements in surgical technique [5, 8] . Even with our ''early technique,'' there have been no revisions for femoral failure in hips resurfaced for ON in the last 10 years. We wondered why the survivorship has been high given the magnitude of the femoral head defects in this series. We believe pressurization of doughy cement into the defects located in the cylindrically reamed area is certainly important to the success. Also, a review of the intraoperative photographs and operative report indicated our bone preparation always included thorough removal of all of the necrotic bone and cystic material with a highspeed burr before this practice was introduced on a routine basis for other etiologies. Gill et al. recently expressed concern regarding the use of acrylic to fill defects and grout for the femoral component because of the possibility for the heat to trigger bone necrosis [17] . We observed no adverse clinical or radiographic effects that could be attributed to necrosis secondary to the procedure. We earlier reported no loosenings or radiolucencies in 46 hips in which the stem was cemented [6] .
We found no differences in postoperative pain, walking, and function scores between our two groups, an observation that supports the findings of Mont et al. [23] who compared patients with ON and those with primary osteoarthritis at a shorter followup time. This suggests patients with ON experience the same benefits as the patients with other etiologies after resurfacing, despite having lower preoperative walking and function scores.
Patients with ON of the hip present specific challenges because of the often present large defects filled initially with extensive yellowish, friable necrotic bone. This necrotic bone must be completely removed down to the underlying white hard reparative bone to ensure proper component fixation and durability. Patients with large defects that have been filled with cement should not, in our opinion, engage in impact activities if optimal durability of the prosthesis is to be achieved. Our results suggest the etiology of ON itself does not constitute a contraindication for resurfacing and the risk factors for the procedure are similar to those of other etiologies provided complete cleaning of the necrotic bone and area for fixation was performed.
